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(57) Two dimensional measuring 
apparatus tncludes a suiface 1 5 on 
which an object to be measured can 
be placed and under which fa an 
optical grattig 1 6 comprising two Gets 
of parallel lines pefpendicutar to axes 
at a known angle Id each other, 
usueriy 90^. Abase 1 0 movable 
relative to surface 1 6 in a plane 



containing the dinsctiora of the axes 
carries probe 1 8 and support 1 9, 
bearing two reading heads 21, 22 
each having a source, detector and an 
Index grating with lines 23 or 24 co- 
operating with grating 1 6 to derive 
electrical elgnafa Indicative of 
movement of an Index point which Is 
in the plane of lines 23, 24 and on die 
axis of probe 18. Support 13 is 
moveable relative to rails 11 on base 
1 0, by wheels 1 2 and by sliding along 
th^axles* 



His drawbiBs or^naBy fflod 
ware faifOiiiisI snd Oie print 
hsTB n^Moduootf b 
hrtBrfflod foRiial copy. 
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SPECIFICATION 
MlBBsuiing apparatus 

This invendon relates to measuring apparBttiSr 
and in particufar to apparatus for pe rfof in lng linear 
S measutBmant in tWQ dimanskma 

Ma ny types of apparatus exist for linear 
measuremant In two dimensSons, through many of 
these are comply and expenshw pieces of 
apparatus intended for thre^-dimenslonai 

10 measurement. There Is a requirement for a low- 
coat but accurate measuring apparatus for two- 
dimanalonal maasursment^ and It Is an object of 
the present Invention to provide such apparatua 
According to the present Invention there is 

1 5 provided measuring apparatua whteh Includes a 
surfece upon which may be placed an ot^ect to be 
measured; and optteargratfng extending over tiie 
usable area of the surface, the grating comprlsfng 
two sets of doaelyHirled parallel lines' extending 

20 perpendicular to two aicea at a knowm angle to one 
another; a support member mov^le reiatfve to 
the surface In a pHane oorttainvig the two axes and 
carrying a probe member positioned above tha 
surface; and first and ^cond reading heads 

25 canldd by the support member and each 

comprising an index grating, a light source and a 
light-sensitfve detector together arran^d to co- 
operate with the optical grating so as to derive 
eiectricai tignals indicative of nKvements of an 

30 irtdex polntr located In the plar^e of the ind^ 
gratings and on the axis of the probe member^ 
relative to the surface In a direction parallel to one * 
or other of the two axes, tha index grating of the 
first reading head tearing a set of dosely-rufad 

35 parallel lines aligned substantially normal to one of 
the axes and centred about that asda^ the Index 
grating of the second reading head bearing a set 
of closely-ruled parallel lines aligned 8ut»tanflally 
normal to tha atharaxiaand centred about that 

40 other axis.* 

Preferably the two axes are parpendTcular to 
one another. 

Normally the optical grating will t>d iocatad 
under tha surfeoe to prevent part of tiie grating 

^ being obscured by tha object to be measured. The 
optical grating may be of either the reflecfing or 
transmitting type, though the use of a reflecting 
grating laads to a sirnpiar mechanical 
anangement. 

^ The Invention will now be described, by way of 

example, with refarance to tha accompanying 

drawings. In which: — 

Rgure 1 IS a schematic side view of ona form of 

measuring apparatus; 
SB Rgure 2 Is a plan view of the apparatus of 

Rgure 1 ; 

Rgures 3 and 4 are enlarged plan vfaws of 
aiterrunive reading heads of Rgures 1 and 2; and 

Rgure 5 tea planvlewof a second form of 
M meamirfng apparatus. 

Referring now to Rgures 1 and 2. a bara 1 0 is 
provided with guide rails 1 1 along which run the 
wheels 12of acarriage 1 3. The carriage ISIsable 
to aikJa sideways oni ^ axles 1 4 Joining opposite 



BB palvB of wheels 1 2. On tha can-fage la a surface 1 & 
on which an object to be measured may be placed. 
The undeialde of the surface 14carri88acnm- 
ruled reflecting grating 1 6, part of which Is shown 
in Figure 2. The grating is of the same dimenalona 
70 as the usable area of the surface 15 and 

comprises two sets of closely-ruled parallel lines, 
the two sets of lines being at right angles to one 
arurther. Supported above the base 1 0 on a rigid 
supporting ann 17l8 8pn)be 18, and secured to 
75 the base 10 under the carriage la a plinth 1 B 
carryhig two reading heada. The axia of the pnte 
1 B defines and index point located In the plana of 
tha reading heads. 

As shown In Rgures 1 md 2 the carriage 13 Is 
80 movable along one axis on the guide rails 1 1 , and 
la also movable on the axles 1 4 akmg a 
perpendicular axis. The means for moving and 
alining tha carriage are not ^own in detail, and 
many aitematlve arrangements are possible. 
85 Figure 3 ^wrws an enlarged plan view of the 
plinth 1 9 of Hgurea 1 and 2. As already stated tfie 
plinth 19 canrles two reading heads 21 and 22. 
Reading head 21 is that used to detect 
movements of the carriage parallel to the Y-^ls, 
90 and includes a grating having dosely-ruied parallel 
lines 23 of tha same pitch as those of cross-rulad 
grating 16. The lines 23 extend normal to the Y- 
axis and are centred about the Y-axis. The other 
readkig head 22, which Is that used to dat^ 
9B movements of the carriage parallel to X-«is 

has a grating with closelyHruied parallel lines 24 of 
the same pitch as the cioss^lsd grating 1 6. The 
lines 24 axtarKl normal to the X-axis and centred 
atout the X-axis. Ea<^ reading head will also 

100 Include a light source and light-sensftive 

detactora^ Such reading heads are of the type 
commonly used with two^ratlng meaaurlhg 
systenw and are not descr3>ed in detalL Similarly 
the electrical circuitry necesaary to respond to tfia 

1 05 outputs of the reading heads are well Icnowru With 
tha lines 23 and 24 of the same phch as those of 
cross-ruled gratbfig 1 6 the two reading head 
gratings must be skewed slightly to produce the 
neces^ry Moire fringe effects. The two sets of 

110 gratings may alternatively have their lines parallel 
but of slight different pitc^, or may carry lines each 
of which are stepped by a quarter of a pit<^. 

The probe 1 8 should preferably be adfustabie in 
a vertical direction so that ft may be placed dose 

115 to the surface of the object being measured. It 
may be in tiw form of an optical sighting device 
vin'th cross-wires. Either one of the reading heads 
may be located ao tiiat the rwtional Index i^rk Is 
whhin the area of the reading head/as shown in 

120 Figure 4. 

With the reading heads located as defined 
above wHh respect to the Index mark, the errore 
due to misalignment of the carriage by rotation 
about a vertical axis are reduced to a minimum. 

1 26 Figure 5 illustrates an alternative embodiment 
of the Invention In which the surface 1 5 te 
movable over the base 1 0 and Its alignment Is 
maintained by meens of a pantograph having two 
sc^^of parallel linkages 25 and 26. Ona pair of 



2 



llnkagaB 25 b attached at ona end tD the surfeos 
1 5 white tiie other pair 2B b attached to the baee 
10. 

In place of the fixed probe end raadino heada» ' 
5 and movable surface, ae described above, the 
surface could be fixed In position. A sultebla rIcHd 
framework may then be used to carnr the probe 
end the reading heads, and anenged to mows eo 
as to mabitain the aUgnment fcietweenttie reading 
*0 head giadnge end the croea-niled grating. 



cums 

1 . Measurtng apparatus whlc^ includes a 
aurfece upon wMch may be plaead an D^eet to be 
measured; andoptlcei gmfing extending over the 

.15 usabie area oftheeurfiace, the gradngcompddng 
two aeta of oloealy-njied parallel tines extending * 
perpendteutar to two axesM a ioiown angle to one 
another; a ttipport member movable relative to 
the surface In e plane containing the two exes and 

20 carrying a pn^menter positioned above the 
surfece; and first and roomd read^ heeds 
carried by the support member and each 
Gompilsing m Index gratli^, a light source and a 
llght-^^sltive detector together erraoged io oo* 

26 operate with the optical grating so aa to derive 
. eiectricelalgnalslndicatfveof movementeof an 
. index point, located In the plane of the indnt 



gratings end on the axis of the relative to the 
surfsce bi e <flrectlon parallel to one or other of die 

30 two axee, the index grating of the first reading 
head beaj^g a set of closely mied parallel lines 
aligned substaritlaily normal to one of the exes 
and centred about tht aids, the Index grating of the 
second reading head l>earf ng a set of closelyHiiled 

36 parallel lines aHgnedautistantiaily normal tote 
other axle and centred about that other axis* 

2. Meaauring apparetue aa eialmed in Claim 1 
In whioh'the two axea are perpendicuier to one 
enother. 

40 3, Measuring C4>parBtus as clalnml in either of 
Claims 1 or2 In wtfileh the optlcel grating 
comprises a reflecting grating Iboated under the 
sur^ca. 

4. Maasuring 4q^aratU8 as claimed In any one 
^ of Claims 1 to 3 which Includee abase si^porting 

tfie probe rnerrifaer and die readbig heacto,anda 
carrtoge movable over the »irface In dhactions 
parallel to said two axes. 

5. Measuring apparatus as claimed In eny one 
60 of Claims 1 to 4 whldi Indudea a pantogrs^Dh 

having two pairs of paratlei Snkages oormecthig 
die surfece te die base to maintain the ellgnment 
of the reading heada. 

^. Meaauring apparatus substendaBy aa herein 
65 described whh reference to the acoompan^ng 
drawlngSi 
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